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Abstract 


A C Band Microwave Mixer has been designed using dielectric resonators. The design 
is suited for MIC environment. The design makes use of dielectric resonators as series 
resonating elements for realizing signal and LO band pass filters. Modal analysis 
has been used to derive the field expressions for the suspended substrate structure. 
Iirformation thus obtained has been used to calculate transmission characteristics ofthe 
microstrip line. Already available coupling information on microstrip line to dielectric 
resonator and dielectric resonator to dielectric resonator has been used in this design. 
A schottky barrier junction diode in self bias mode has been used as the mixer diode. 
The fabricated mixer is housed in a copper housing. A very sharp IF response has been 
obtained at the desired frequancy using above design. 
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Chapter 1 


INTRODUCTION 


In [1] an ima.ge recovery mixer with a novel structure using dielectric resonators (DR’s) 
for 22 GHz range has been proposed. Using this structure the image short condition 
for minimum noise figure has been easily obtained by the authors. 

Concept behind the structure, can be usefully translated to work at other frequen- 
cies, depending on the application. 

1.1 Aim 

Aim of this thesis has been to realize a DR resonator based mixer in C Band. This could 
find an application in a C Band low noi.se down convertor for sattelite broadcasting. 
Design principles, as calculated and collated in this thesis can act as suitable guidelines 
for fabrication at other frequencies. 

1.2 Outline of Design Philosophy 

A mixer essentially consists of two Band Pass filters and a nonlinear network. The Band 
Pass filters(BPF’s) for both signal and Local oscillator frequencies utilize Dielectric 
resonators as series resonating elemeiits. A Schottky Barrier mixer diode has been 
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used as a non-linear device to achieve mixing. A Broad Microstrip line has been used 
as IF filter. 

The problem of design was broadly divided into following subparts and addressed 
as such 

a Accurate determination of transmission line parameters at the requisite frequen- 
cies, 

b Coupling parameters between the transmission line structure and the DR’s, and 
between two DR’s. 

c Band Pass filter design. 

d Mixer design and fabrication. 

e Performance improvement. 

1.3 Design Decisions 

Microstrip line was chosen as the transmission line because of ease of fabrication and 
easily obtainable coupling with dielectric resonators. A more generalized structure of 
suspended substrate was chosen for analysis and design. It afforded a distinct advantage 
in terms of tuning and fabrication. 

Theoritically sound technique of Modal analysis has been used to derive propagation 
characteristics of the chosen structure. The microstrip line is magnetically coupled to 
DR’s which have been excited in TEois mode. Tight coupling between mianstrip lines 
and DR’s has been achieved by placing the resonators at odd number multiples of 
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a quarter of a guided wavelength at their resonant frequency from the open end of 
microstrip lines. 

The Mixer was fabricated using a substrate of = 2.2. It was enclosed in a copper 
housing. Other details about the mixer viz. Layout, its performance etc. have been 
elucidated in succeding pages. 

1.4 Organization of thesis 

This thesis is organized as under: 

After a brief introduction in chapter one, detailed modal analysis has been presented 
in chapter two. In third chapter mixer design principles and filter design have been 
dwelled upon. In fourth chapter design and development of DR based mixer, and 
results achieved find a mention. The thesis is concluded in fifth chapter with further 
suggestions. 



Chapter 2 


MODAL ANALYSIS 

2.1 Introduction 

In succeeding paras an attempt has been made to completely derive the Electric and 
Magnetic field expressions for the suspended substrate structure. Theoritcally sound 
technique of Modal analysis has been used to arrive at the requisite expressions. 

2.2 Derivation of Electric and Magnetic Fields 

Consider the electromagnetic field propagating in the +z direction and having x,z and 
time dependencies as , and respectively. In a region containing no 

sources, this field satisfies the following Maxwell’s eqautions: 

V X // = jtoeoCrE (2-1) 

V X E = —jujuqH (2-2) 

where is the relative dielectric const of the medium and Cq is the dielectric const 
for the free space. 
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Vxll = juxtsi, (jEii + E,y + E,z 


(2,3) 


I? Msi Mi 

jueotrE, = -Bf--dT 

(2.4) 

. r? Mjl Mjl 

JUtotrEy = -^ - -^ 

(2.5) 

„ dliy dli^ 

jueoCrE, - 

(2.6) 

S/xE = -ju>/xq[IIxX + Hyii + H.z\ 

(2.7) 


(2.8) 


(2.9) 

- WoW. = ^ ^ 

(2.10) 


Substituting 2.6 in 2.9 we get 


-jujfCoHy 
W^/iOeoCr I'ly 



JUJeoCr-^ 
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■2 ; 2l rr 3^ , 

W^/ioeoCr - K\ Hy = JUJeoCr-^ + 


as kQ=u}^ iXotQ 


^^V = r77^ 


A’o tr - A/’a? L 


JUJeotr^ + 


Substituting 2.5 in 2.10 we get 


-JOJfXoHz = 


Lo'^Hofo^r 


h. - h ^ 

n.() Zf> hj^ 


Hz 


dE. , 3 1 IdJE _ ^ 

By ^ Hx [j^eoCr 3z dx 

-iwe.e - & + & 

-gjj* + 

JU>«o«r g” + gjgJ 


( 2 . 11 ) 


( 2 . 12 ) 


( 2 . 13 ) 


1 [8"//. 

f 2 j 2- I T 

CQ Cy. — rUg; [, ^ 


Substituting 2.10 in 2.5 we get 


( 2 . 14 ) 


JU) C()€f Ey 
W^/ioCoCr Ey 
[l-'O^e. ~ Zy 


^+8 

dz dx 


-JU^Q 


dEy BE^ 

'W~~W. 


BHt 1 d^En: 

-Wo-^ - 

3I-L , 

-ju^lio-^ + ^ 


(2.15) 




2^ ~ h 

A/Q ^r“~^x 




(2.16) 
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Substituting 2.9 in 2.6 we get 


JUtQCrEz 
CJ^/ioeoCr Ez 


h^Cr - kj Ez = 


OH. I d 

dy ^ 


-JiOIJ.0 


dE^ _ dEz 

pz ox 


^ ^ ° &ij dx'^ ^ dxdz 
Ma. u. 


(2.17) 


Ez = 


, -TT 777 

A-o 

On combining 2.12 and 2.14 vectorially we get 


O^Et I ., ,,, OH.,. 


(2.18) 


IJt = 


ko^(r-h/ 


() 

IB 


nt = [iiiiy^-ziiz\ 


^tUx — JUJtoCrXXVtEz: 


On combining 2.16 and 2.18 vectorially we get 


(2.19) 


Et = [yEy + zEz] 


Et 


n — 1 2 5 7 

A/Q tC^ 

from 2.19 and 2.20 , we can write 


d 


tEz; + JWflQXXV tHx 


( 2 . 20 ) 


Et 

_ 1 

d 

^ jojfioxx 

X 

^tEx 

. - 

A*o €,r'-~kx 

0 

_ -JLOCuCrXX ^ 

. . 


( 2 . 21 ) 
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2.3 Elements of Dyadic Green’s Function Matrix 

The x components of the electric and magnetic fields satisfy the Helmholtz equation 





1 

1 

■ 

1 

H 

1 


= 0 


( 2 . 22 ) 


X 


111 


d 


Ji2 


^v 


Region 1 
Y 

Region 2 
Region 3 


1 ) 


Figure 2.1: Suspended Substrate Structure 
111 Fig. 2.1 it is shown that entire structure can be divided into 3 regions. These 
have been rdV.rred to a..s region I, 2 and .3 r<'sp(M-.tiv<ly. A very thin conductor lies on 
the boundary of region 1 and region 2. Thickness of the conductor is assumed to be 
ninc.li le.sH tha.)i its width w. Thickness ol eai li region is a.s sliown in the h ig. ■ I he 
structure is bounded by an Electric wall. For such a case solutions for and Hx 
field distributions in each of the regions can lie assninmcd as summation of all possible 
modes as under: 


EiP = E^r=id«.fos(7-u(:'-’ - /'■i))»in(o'„//)c 


(2.23) 
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= EJf=i[^n2sin(7„ja;) + A'jjCos(7„2a:)]siii(a„y)e (2.24) 

= Er=i^n3COs(7„3(a: + d + /i2))siii(a;„y)e“'’^^ (2.25) 

= E^=o^niSin(7„i(a; - /ii))cos(Q:„y)e“''^"' (2.26) 

~ Er=o[^-^n2co,s(7„3.-c) + 7J,;jSlii(7„.,;c)]cos(Q:„y)e-''^* (2.27) 

= EJ^Lo/-^n3siii(7„3(;c + d + /i2))cos(o;„j/)e"J^® (2.28) 


where the superscripts (1), (2) and (3) refer to region 1,2 and 3 respectively and 


7ni = \/ - a„2 - jS'^ 

7n2 = V - OCn^ “ 

7n3 = >/ ~ 

'Tni ^ ^'a:i 

'Tni ~ 

Crx — ^ 

jr, I, r 

CYji — Atyj — ^^2 — ^y3 — 6 

2A Determination of Eyy Ez^ Hy^ and Hz Field. 

Having assummcd and 7/^; field distributions as in eqations 2.23 to 2,24 above 
expressions for E and II fields in y and z directions in each of the three regions can 
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be evaluated using the relations as derived in equations 2 . 12 , 2.14, 2.16 and 2.18. The 
same have been evaluated in sueauidiiig paras. 


2.4.1 Ey in region 1, 2 and 3. 

In region 1 the expression for Ey from eqn. 2.16 takes the form 


E(}) = / - T 


dH^ 

Oxdy ^ J 


From eqn. 2.23 and eqn. 2.26 on differentiating and we get 


(2.29) 


= [-«„ All 7ni sin ( 7,11 (x - /ii))cos(a„j/)e-J^^] 


(2.30) 


“TTT" 


= -A^[Au«i"(7«, (•■'■• 


//.,))coK(fv„y)(--'^^"^ 


(2.31) 


a.s for free spacer tr = 1 we get Aro^fr ~ and eqn. 2.29 can now be 

written as unde.r 


= E~=o- 7 ^[-Q^n^ni 7 ni ” f^oBnijsini'ynii^ - ))cos(a„y)e (2.32) 

°‘i+P 

In region 2 the expression for Ey from eqn. 2.16 takes the form 




77T JTT 

f\>Q rbjp 




(2.33) 


From c<in. 2 . 2-1 and e(in. 2.27 on (lilh'.rcntiating and we get 


dxay 


[/lTi2 0'n7n2CO.s(7,i2.'r) - /l,'ijan7„,sin(7n2-c)]cos(Q;Hi/)e 


(2.34) 
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= -j/:^[-Jcu/toiy„2COH(7„j;f) - Jfa;/fo£^,',2sin(7n2:i.’)]cos(a;„?/)e (2.35) 


Ei?^ = 


E^oll ^jga [«n>ln2 7n2 - cos(7„ja;) 

^71 ^712 ^’^2 - a;^/toZ?,'iJ sin( 7 „jx)]cos(a„?/)e 


'*’ « ?,+/? " 


Ill region 3 the expression for Ey from cqn. 2.16 takes the form 


(2.36) 




bxSy 


(2.37) 


V l. ■‘e i. 

tiQ Ct* — A/jj 

From eqn. 2.25 and eqn. 2.28 on differentiating E^^^ and and combining the 
results we get 


= ET=o [-o^nAns 7n3 " oj/3fioBn:,]sivi{-fn3{^ + d + /i2))cos(a„y)e (2.38) 
2.4.2 Ez in region 1, 2 and 3. 

In region 1 the expression for from eqn. 2.18 takes the form 


E(J^ 




TT” T7^ 

A/Q vy — Kp^ 

From cqn. 2.23 and eqn. 2.26 on differentiating Ej^^^ and we get 


(2.39) 


OzEi'^ 

~U^ 


-j/^^n,7n,sin(7„,(;E - /ii))sin(o;„i/)e-J^* 


(2.40) 
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(2.41) 


eqn. 2.23 can be written as under 


= E,«i^7;^[;^^ni7n, - ja;/iocv,iZ?„,]sin(7„,(.'C - /ii))sin(a„t/)e“-''®"^ (2.42) 

In region 2 the expression for E- from eqn. 2.18 takes the form 




5242) QJ.l{2) 


( 2 . 43 ) 


^ 

n>0 ( <p’“ 

From eqn. 2.24 and eqn. 2.27 on differentiating and manipulating and we 


get 


Ei'^^ 


E(r=l[[-T!7F CO,s(7„,x) + 

sin(7„,:i;)]sin((Y„;t/)e--'^*] (2.44) 


In region 3 the expression for take the form 


Ei^) = 


5243) a//(3) 


(2.45) 


A.*o C7 — Ic^ 

From eqn. 2.25 and eqn. 2.28 on differentiating E^^^ and Z/^^) auci combining the 
results we get 


= ErtLi -7^17/^7713 ^713 - 7t^/^o»7i^,73]sin(7n3 (-x- + d + /i2))sin(Q;„?/)e“-’'3^ (2.46) 

al+p 



2.4.3 Hy in region 1, 2 and 3. 

Ill region 1 Uie expre.ssion for lly from cqn. 2.12 takes the form 


~ k^er-k7 dz dx^xj 

From eqn. 2.2.'3 and eqii. 2.20 on difrerontiating E[}'> and wc get 


(2.47) 




= i:,'tLi[-"n-^"i7n,cos(7„j(,T - /ii))sin(a„2/)e-J^^] (2.48) 


eqn. 2.47 now becomes 


(2.49) 


Hi''> = +«^£o£r.>l.,.lcos(7„.(x - /..))sin(a„!,)e-’'’' (2.50) 

“n+P 


In region 2 the expression for Hy takes the form 


’ = kTZ^ [ 


ja;coer,-g^ + 


From eqn. 2.24 and eqn. 2.27 on differentiating and we get 


(2.51) 


(927/(2) 


= [/?n.; 0 „ 7 „ 3 Hin( 7 »,.'K) " o„7„., cos( 7 „, ;(:)]]ain(,cy„i/)c--’^* (2.52) 


-Ijf- 


-j/^[^n2si“(7n2;«) - ^n2COs(7„2a-)]sin(a;„y)e 2/5* 


(2.53) 
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- W;5eoerj^nJsin(7„jX) 

'*' [~^’‘7n2 /?,',, + w^foCra^Jij] cos(7„3 x)]sin(a„i/)e-J^*] (2.54) 

In region .3 the expression for Hy becomes 


im = 1 

A.0 tr-Kx 




(2.55) 


From eqn. 2.25 and eqn. 2.28 on differentiating and and combining the 
results we get 


//(3) 

y 


all-0' f~^”3'n3 7?n3 + cos(7n3(.r + d + /i2))sin(a:„y)e 


2.4.4 in region 1, 2 and 3. 

In region 1 tlic cxpr(\ssion for II^ from eqn. 2.14 takes the form 


//(') = 

/>'0 fr-Alx- 


(7 V7i^) Mil 

dxcJz ijy 


From eqn. 2.2.3 and eqn. 2.26 on differentiating and 77^^^ we get 


(2.56) 


(2.57) 


52 //(i) 

dx§z ^ ^^0 - 7 /?^ni 7 niCos( 7 „, (x - hi))cos(an!/)e-^^^ (2.58) 


dE(^^ 

~ E,«i>d„,anCDs( 7 „,(x - /?,i))cos(o'„7/)e 
eqn. 2.57 can now be written as under 


(2.59) 


= EZ :1 /?„, - ju;fofri<:v,i/l„,]cos(7u, (x - /ii))cos(a„i/)e (2.60) 
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In region 2 the expression for 11^ from eqn. 2.18 takes the form 




dE^ 

dxijz (jy 


(2.61) 


77 T tTt 

A-o Cj* — 

Ih-cnn (iqii. 2.24 iuid ccjii. 2.27 on tlifferciiitiatiiig anti manipulating and 11 ^^^ we 


get 


7/(2) = 

\.J ft'^n2^n2 J^^O^r2^7l^7l2] ^^^^(^712*^) 

+ -^^na - J^<^eoeraO!„^J,J cos(7„2a;)]cos(Q;„7/)e"-'^''] (2.62) 

In region 3 the expression for //^ Irccomc 



-^j^-jeueoera-^ 


On clilTerentiating and and combining the results we get 


(2.63) 


= E“=i^;^[-7/?7n3-^n3 -;a;eoer3«n^n3]cos(7n3(a: + d+ /i2))cos(a„y)e"^^^ 

(2.64) 

2.4.5 Summary of Field Expressions. 

Exprc.ssions for Ey, E^, Ily, and fl. in cac.li of tlic three regions derived in the previous 
subsection can bt; rewritten in following form: 

Eqn. 2.32, 2.36, and 2.38 respectively become 

E\P = Er=o‘‘>n.si''(7«i(-'»: - /j.i))c.os(cv„y)c-J^^ 


(2.65) 
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= E5^Lo['5n2Cos(7„,a;) + ,5',',,siii(7nja;)]cos(cv„2/)e"''^* (2.66) 


= Er=o>5n3«>iK7n3(-'c + + /i2))cos(cv„2/)e“J^"' (2.67) 


where 


■'ni 


«?i+y3 


5; 


712 


"n+y^ 


9' 

*^712 






713 



[-^71^7117711 -W/?/ioBnJ 
T [<^71-^712 7712 
-«7i^[ij77i2 - 
[ ^n-^^ns'Jns ^^/^O-^Tia] 


Eqn. 2.42, 2.44, and 2.46 re-spoctively become 


= E 7 ^i<^n,siu( 7 „,(a: - /ii))sin(o;„T/)e (2.68) 


BP = E,r=, K;n2<^o.s(77, 2 •■'■•) + ai«i"(77.r'0]«i"(^V7.J/)«-^^= (2.69) 


BP = E,r=iCn3siu(77i3(:r: + d + h2))sin{a,,y)e-^^^ (2.70) 

where 

^^*”2 (Pi ^ J/^Tn2^n2 0^71 -^712] 

<^''712 = [ j /^7712/ i [ i 2 /?;,,] 

^713 ——^ /^T 7 l 3 -^713 /^O ^71 -^713 ] 
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as 


Eqn. 2.50, 2.54, and 2.56 re.spectively become 


= E^iMuCOs( 7 ,ij(x - h{))sm{ar,y)e 


(2.71) 


= E^i[Mi2sin(7n2.T) + M'2Cos(7„jx)]sin(a„7/)e (2.72) 


= E,tLiMi3COs(7n3(x + d + /t2))sin(o;n2/)e~''^* (2.73) 


where 


•^7,n — - nT [ <^n-^ni7ni 4" ] 

afi+P 

^'^112 _ /J 2 [•^ 7 i 7 »* 2 -^’12 ^/^^O^r 2 ■'4712] 

«n + P 

-0;n7njB;j d-W^Coerj^Ji, 






713 — ^2 +/5^ ^ *^n7»l3 -^713 “h Wy?£0-'47V3] 


Cri = Cra = 1 for region 1 and 3. 

Eqn. 2.60, 2.62, and 2.64 respectively become 


■^4'* = ES=i£’n,cos(7„.(l - hi))cos{a„y)e ’I’’ 


(2.74) 


up 




(2.75) 


!IP 


Y^oo rj 
/-/nisi '*^7»,n 


■oh( 771;,(-'»'’ -f- <1- -I- h-i))co>i{ty,pj)<:~^^‘' 


(2.76) 


An = [-.7^7711 An -;weoa„24,iJ 


where 
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= --- 7 75 ? b/?7>i2^n2 - JUJeotr^anAn^] 

K, = [-jfthnBn, - 30JCQCr^a,,A'„^] 

•^na ~ ~~1 ^[ J^^nz^riz 

«n+P 

2.5 Application of the boundary conditions 
2.5.1 Boundary conditions at .t = 0 

Applying continuity conditions at .x = 0 
we have 7/^1 = II^'> wliere 

= E,tLo^niSin(7ni(a: - /h))cos(Qr„j/)e“J^^, and 

= E,'^o[^n2('-Os(7n2x) + A'i2«>”(7n2-'*;)]cOs(Q;ny)e~'^^^ 

putting X = 0 in above expressions we get 
Er=oAM«in(-7n,/M) = E,r=o/^n2 

thus we obtain an expression for Bn^^n terms of Bm^s under 

Bn.^-Bn.smi'rM (2.77) 

also at .X = 0 we have 7?^’^ = i. e. 

= E,T=o-5'niSin(7„, (x - /ii))cos(o'„T/)e"-'^", and 
= E,T=o[-5«2Cos(7„,x) + 5;;^sin(7„jx)]cos(a„y)e--?^^ 
arc continuous. On equating these (ixpressions we get 
Sni sin( 7 „,/ii) = 5n2 

after sub.stitutiiig the values of .S'juHnd 5'Hjtlns can simplified as \indcr 
-a;/9/4o5„,]sin(7n,/li) = [cVnAia^i, -cu/?/io5„J 

putting the. value of 77, ij from ecpi 2.77 and upon simplification of above expression 


we get 
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A a ■y = ‘^ 71^712 7712 

^‘71, C''7t77i, sin(7,i,/M) 

w<’ (iiiiilly c)l)l,iiiii itii I'xpM'tttiiuii lui' l.i’i'iiiH of uiidt^r 


-7^712 -7^711 ^7^ ^^^^(7711 ) 


(2.78) 


2.5.2 Boundary conditions at x = —d 

Now Applying continuily equalions at x = —d we have 
) and £;(2) ^ ^(3) 

Taking the Ey component first 
= E,'(Lo[-5'7i2C-os(7„2ai) + 5’,',jSin(7„3.r)]cos(a,i7/)e~'^^"^ 
o‘!’n3‘‘‘i”(77i3(''' + + /'■2))coK(cv„y)e“'’^' 

at X = —d above expression wlien ec|ua,tcd liecome 

[Sn^ + 6;', 2 Niii(--7,,,,(/)] = 6n3 sin(7n3//72) 

K,/ln2 7n2 - 0jf:)/lQDn2] COHi^fn^d) - ^ ^/^/^oi^na] sin(7na^i) 

— — ^[ CXn^nz'Jnz I^O^nz] ^ 111 ( 7 ^ 3 /^ 2 ) 

al+p 

This can be rewritten as 


« /oS [ O^u^nz'Jnz 1^0 ^1x3] — 

Now equating the E^ component 
= E,f=i[C'7i2CO.s(7„3x) + 6;;,sin(7„3x)]sin(a„y)e-'’^', and 
= E,?=iC„ 3 sin( 7 „ 3 (x + d+ /).2))sin(any)e“-''^* 
at X = —d we get 

Cnj cos(7„2d) - C'„^ smi'fnjd) = Cn3 sinilmh) 


(2.79) 



^2 ^ ■'^>12 3 ^ ^^ 0 ^ n ^ n2 \ fi) 2 +/0^ [•7/^0^n2 •'*^712 ^^^0*^71-^712] ®^^(T712^) 

= 17/^7773^713 - JW/i0a7tj5n3] 5111(7,13/12) 

This can be rewritten as 


^2 [.7/^7713 ■'*^713 j**^/*o *^71-^713] — 

- /1,„ - Su,,.oaM (2,80) 


1 

0 

3 

1 

(0 

Ji 

1 


-^713 

;/57713 -JW/«0071 _ 


I 

tx) 

c» 


<>717712 -W/?/<0 «7i7712 

-jfHii -J<^fk)Oln -3/^712 ;W/toCV„ 


Taking tlic cocff matrix of /l„3 and /;7„3 to tlio right hand side of the expression, 
we get 


°s(77l2 </) 
(7713/^2) 
^><7.12//) 

s‘n(77i3 /*'2) 
yi/ sin(77l2 </) 


>1 


B, 


Bl 


n2 . 


sin(7,i2d) 
>"(7713 '<• 2 ) 


( 2 . 81 ) 


•<^713 

_ 1 

-jfw/iocv,! a;/?/io 


J/W/<o77i3(On + 

-J/^7713 ‘■7i77.3 _ 


07i7n2 -‘^0110 

-3^772 -;W/iOCV7l 


«7i7n2 

-;/^7712 ;^/io07i 


yt CO«(77l2<^) 

»in(7 , 13 / 12 ) 

D cos(7n2</) 
sin(7,i3 / 12 ) 

y(/ ^*“(771? </•) 

‘’<2sin(7„3/t2) 

0 / sin( 7 n. 2 (/) 

<‘2 sin(7,i3 /I 2 ) . 
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This can be wriUen as 


•'^na 

^na 


1 

J<^/'07n3P 


X 


-J^noln^V 0 -Jt^/tonfuiP 0 

0 JOjpo'ynsP 0 -JOJfloJnaP 


where p=(cv,^^ + 0 ^) 


A cos(7n7 
shxljnz^) 
n cosj-Jn^d) 

Al giu(7„,(/) 

”2 sin(7„3 ^2) 

nf g“'(7nT<^) 
"2 sin(7„3 /i2) 


•'^na 


0 

CH 

1 

zTui 0 

7n3 



0 1 

0 -1 


. cos(7n,(^) 

D cos(7n2 
S'>'(7n3 /l2) 
yl / g'‘'(7n'> 

"2 sln(7n3 /i 2 ) 

g‘‘'(7K'2 

'‘2 sin(7n3 /l2) . 


Now considering the H Field at the boundary a: = — d, we have 


^f) = and 
idi^) = idW 


Taking the and 11 ^^ expressions, we have 
= E^i[Mi 2 sin (7,13 ;c) + ^/'^cos(7„2a;)]sin(o;,iy)e"-'^^ 
- E,T=iM»3Cos(7„3(a: + d + /i2))sin(any)e"-^^^ 


(2.82) 



at a: = — d above expressions become 


= EttLJMia siii(-7n2<^^) + co9(-7„3d)].sin(a',vy)e-''^' 

= Er=i[^^n3 cos(7H3/i2)]sin(o'„t/)e--'-^' 


equating the above cxprcissions, we get 
Mia cos(7„3/t2) = -yi/„3 sin (7,1, d) + A/,;, co.s(7„3d) 
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tliis can be wrillen as 


+ W/^CoAtal COs(7„3/l2) = 

- — KiTna Aij - w^eoera^lna] sin(7„jc/) 

+ iopeoer^^A',,] cos(7„jc/) 


+ 




on rearranging we get 


-r^ [-0;n7na-Sn3 + ^/?eo^na] = 

•^n + P 

■" [o'n7n2^na “ a;/?eoera Aia] 


+ 






na 


*(lnJ^-2) 


Similarly ta.king (ixjn-essions for and i. e. 


= Er=o[^-^n2«i"(7nj-'t'') + /J'i3Cos(7„j;c)]co,s(cv„2/)e"'’^^ 

= E,r=i A.aCo,s(7„3(.T + d + /,,2))co.s(rv„?/)e-^/^** 
at X = — r/ above expressions become 

!IP = TSLolD„ si.i(-7.„rf) + D'„ co<-7„,,()lcos(a,.y)e-'^- 
//f) = X;“=o[A., cos(7„j/>2))cos(c<..!/)e-"’^ 


equating the above expressions, we get 
D„3 cos(7n3/?.2) = - Aij sin(7„3d) + D',,^ cos(7„2d) 
this e;ui lx; wi'itt(;n ns 


(2.83) 


■^[-jHiaBn^ - JOJeoanA,,,] COsi^nM) = 

- \jfHi2Bn2 - Jweoq.jO'n/lnJ sin(7„jd) 

+ [-J/?7naAia - J^^€oer^anA'„^] COsi'Jr^^d) 
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on rearranging we get 






On combining e(|natioii.s 2.8:1 n,ncl 2.8-1 wc g(5t 


(2.84) 



1 

> 

c> 

1 


. ^“3 _ 


/?Weo^r3 

-JUJCoenOCn 


-W/?Cof,.2 -<^7i7n2 OjfiCoerj 

JUXoCr^On -JUJC^^r^a,, 


"^nTna 

-7/^7 u 2 


A: 

B, 


»i»(7ni^) 
‘ cos( 

sin{ 


'''-"(7n3 /^2) 
in(7n2<^) 


cos(7„3/l2) 
CO»(7 h 2 
”2 COs( 7„3 /i2) 

/ C05 (771? 


/?: 


'*2 J 


(2.85) 


Taking the coeff matrix of and B,i3 to the right hand side of the expression, we 


get 


24713 

__ 1 

<0 

1 

1 

^n'Jnz 

. ^”3 . 

’-^J(jJ€QCr^/3 7n3 ^u^7713 

JUJCqC^^ CV,i 

/QwCoCrj _ 


-W^eoCrj -CXn7n2 OJ^eoCr^ -OCnlnj 
JOJeoCr^an -3hn2 -jhn^ 


Bnj 


^na 


s»d7n?d) 

COS (7,13/12) 

sm(7n^<i) 
cos (7713/^2) 

cos(7n?d) 

cos (7713^2) 
c°s(7n,d) 

cos (7713/^2) J 
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Tliis can be wriUcn as 


A 


ns 


B. 


ns 




X 


JOJCoerjJnsP 0 -JOJeoCrj^nsP 0 

0 Jf^^Qf-rs'TnsP 0 J^J^^Q^rslnsP 

where p=(o;,^i + 0^) 


A 


B. 


sin(7n,C?) 

^ <^o®('7n3 ^2) 
« ‘"(7n?C?) 
ilnshi) 


na 




co» 

COM 


(7nr» 


Tj! JE2S^Obii0L. 

"2 cos(7„3 hi) J 




’ -C7-2 

67.3 

0 

^r<2 

0 



0 

777, 

0 

777 , 

•*-^713 



7773 

7773 J 


X 


A sin(7^,C?) 

cos(7n3 /l2) 
o »in(7n'i 
cos(7„3 /l2) 


yl 


COSI 


B. 


ilnsd) 
ilns'^A 
(‘Untd) 

"* cos(7n3 /I 2 ) J 


COSI 
COSI 


(2.86) 


- 7 n. 


7^3 


On equating and combining 2.82 and 2.86 

Expanding and equating expressions for /4„3 
^ co-M77i,f^) '' ''' ''' ■' 




s"'(7n3^''2)J 


I - 7 », 
^ 7 t 13 


/l' -^'"(7;t?<'^) 

«">(7»13 /'•2) 




‘-ra 


/I 


iln.d) 


na , 


®(Tn3 ^^2) 




K; 


( 7 n,<^) 


(W^ 


on rearranging we get 

r ^Tna 1 1 r 


/IL = /I 


na 


na 


f: 


na^ i . r : 

7n3 xin(7n3 Ih) <r3 •M'fns ^H) 


c oh[ 


- ( 7 n,^) . . 7 n, «in( 7 n, ^)' 
cos (7n3 ^^'2) 7n3 s'*'(7n3 ^^'2) 

this simplifies to 


— An ^ l'i 
wIkU'O 


jP ::= -ln->(-Ts cosj'Jw d) cosj'Yn Jl2)+7ns^rj siii(7,t,d)siu(7,i /t2) 

7rv3^rs <:oK7nj^)si»(7n3''''2)+7naer3 sh.(7„/d)cos(7„3 A2) J 


Expanding and equating expressions for i9, 


na 




['^”*3in(7„3A2)J 


+ 


_ n, sili(7n, d') 

si" (7713/12). 


= 

7n3 


5, 


"2 . 


sin(7n, d) 


( 7713 / 12 ) J 


+ 


771, 

7713 


^^2 COSI 


£122^1 


(7773/12). 
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2.6 Boundary Conditions at the plane of strip Conductor 

At X = 0 

//O) _ jfW = (2.87) 

from this wc; got 

E“=i^'^n,cos(7n, {•<'• - /).i))sin(«„y)e~'’^^“- 
EJTLi [A/n2«in(7n2--f0 + y\7/„cos(7„j.r)]sin(o'n?y)e"^^* = /.-(?;) 

On substituting .r = 0 

Er=i(^fniCOs(7„j/ii) - M,;jsin(a„2/) = (2.88) 

Multiplying both sides with sin(cv,iy) and on integrating from 0 to b i. e. applying 
orthogonality condition we get 

!o'Ln=i{Mn^ f^os(7„,, /ii) - /lf',Jsin(n'Hj/)sin(o'„j/)rh/ = h{]/)s\n{any)dy 

yi/„,eo.s(7„^/ii) - 

wli(u-(^ 

Lin = /^E(y)sin(o;ny)dy 
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Expanding the above expression, we gel 

(l/i,., ( 7 »i . /'■ 1 ) " [- Hfi d' (K r.j 

Now on substiluiing the values of yl„2, 

B'n, = B,„ E, 

■A.n2 ~ -^nx 'Y,j 2 

Bnj = -B„,sin( 7 „i/ii) 

we get 

[tu/^eo/lni [cos(7„j/!.i) - e,.3^sin(7ni/ii)Fi]] 

+ /^,M‘'bi[-77ti<'<«(7n,/'l) - 7n2«'»(7ni/ll)^2] = (2-89) 


Similarly wr. have 


At X = 0 


Or 


//(') _ //( 2 ) = Jy{y) 


E", <-o.s(7n, (.r - A, ))c-os(n-,j/)c-^^'‘- 

E,?=()[Ai2«''i(77i2-'^) + A'..2''<^«(77t2--»0]^'«K^uj/)c“^^'' = hiv) 


(2.90) 


On sustituting x = 0, we get 

Ejr=o(^E,<-<>'‘<(77n/'l) - I'>n 2 y^^^i^^'ny) = ly{y) (2-91) 

multiplying both sides with cos(<y,xy) and on integrating Irom 0 to b i. e. applying 
orthogonality condition wc get 

/jE7T=o(Au<’<^»(7-n/'i) - = /„'‘/,_,(y)cos(a„y)d7/ 

c.o.s(7n, hi) - f-Ks = ^ 



27 


where 

On expanding, above expression, we get 

+fi^ [ T^ui ]eos('y,jj /ij ) 

substituting tin; value's of /Ai^, 

K, = 

K = 

/1, 12 = ~^ni ^j^sin(7„j /ti) 

/i„2 = -7J,iisin(7„, /ii) 

[;u;n;„eo/ln,[<'os(7„,/e.i) - Cr2^sin(7„, /ii)Fi]] 

+ 7/^/^n,[7n,<-0''^(7n,/M) + 7n2'‘'!i"(7n, /'•! ) Fi] = ^ L'2n((>'n + (2.92) 

Let 

[cos( 7 „,/ii) - er2^sin(7,i,/ii)Fi] = Fn 
[ 7 „,cos( 7 ni//.|) + 7 « 2 ”'"( 7 ni/''l)/^ 2 ] = Fj^ 
we can make these substitutions in equations 2.89 and 2.92. 

TJicy now bexonu; 

a;/?(o/lnj Fii— Fjija.iFii = + / 3 ^) 

JU)an(o^nif’ll+ 7/5F„jF22 = ^L2,i(q:^ + /?^) 


(2.93) 

(2.94) 
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'l'li(!s<^ Lvv(j, arc <;<iiia.ii()n.s in /!„, and W(' can now solve lor Am -Sn,. 

Solving for /!„, . 

On multiplying 2.93 with , 2.94 with and adding we get 
a>eoy4,n A- JOCn^ L2n] 

On rearranging we get 

4lni = J [0Q>iLin ~ JO:nPii^2n] (2.95) 

Solving for Z?„, . 

On mn]ti]:)lying 2.93 with rVn, 2.94 with jft<ind adding we get 
— + /^'^) = H- jfJ^L'2n] 

On rearranging w<; gcd, 


Bm = K'/nZ-'ln + At/-2n] (2-96) 

Also at x = 0 w<^ can now determine and as under we have 

/4'> = Er=o'y«.»i"(7.., (■■>■• - />,))cos(«..»)c-"’-- 

= E“=iC.„sin(7.„(:i: - *.,))sH](n,j/)e"'’'’-‘ 

at a: = 0 ahovc^ ('xprc^ssions hc^c'.oine 


- E,TLo‘^'n,siii(7n,/'i)cos(n„y) = Ey(y) (2.97) 

- = /^-(?/) (2-98) 


W<‘ 


c lia,V(! iS,j| — * ,j2 [ O', /3,j, ] 

‘A,+p 

On .sid»stitnting the va.lne of A„, aud /A., I'l’oin (vpi 2.95 a.nd 2.9(5 in tin? above 
(^xpnw.sion foi' A',,., vv(; g(d, 




Vn l- 


CVfo/'ll 




+ (In 


^(‘■0 

Similarly we have Cm = , ^ j2 -[j/?4l„,7„i — ju/ioauBm] 

dfi+P 
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St 



On siil).sl,i(,iil,iiig the value of /!„, iuu! IVoin e<in 2.95 and 2.9G in the above 
(;x|)re.ssion for 0’,,, we gcit 


C’, 


1 


ni 


hK d- fr) 


Pn i 






•22 




'-'in 


7/d^7ni , l^PpCXn" 

uJcoT^ii 6 7' 22 
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.Suh.stitutiiifi; above ('xpa.nded va.lu('.s of <'IkI C,,, in eciuations 2.97 and 2.98 wc 


get 


Er=iP«6'ub2„sin(cv„i/) + E,?=i7nbi»6V2sin(cv„2/) = (2.99) 

E~=o?h»^ 2 i^ 2 nCos(a:„ 2 /) + Er=o7u7.i„G'22Cos(a„y) = Ey{y) (2.100) 


where 

^ftPoOtn 

UJCqL'xi P'2i 

sin(7„,/ii) 

- 

cuco/''n 

h{al + p'^) 

,;itopu(\,p 
^ /'22 

.siii(7n,'''n) 

- 


i,((yl + fP) 

siu( 7 „,//.i) 

1 ^22 J 

— 

(fkojt.()(yn 

+ f) 

^^n/^7ni 1 

«iii(7n,/'.i) 

J'22 f^Coi'u 


+ Ph 



2.7 Dispersion ecpiations 


Wc take the (’.xj)r('ssions for Lin ‘''■'’<■1 ^ 2 n 
Lin = )(/;;/ 

L-m = fl! L/i:i/)c<>4<^ny)<l!/, 

tlie.se can he cxpajidcd a.s a.n inlinit(' .smnination in ti'nu.s ul suitably chos<'ii basks 
functions as undei': 




(2.101) 


( 2 . 102 ) 



On siil)sl,i(,iil,iiij.>; Un; ex |)<'i.ii(l('(| cxprcs.sionf^ 


.(, |,li<! following 


(!X|)l(VSHi(}UH 


In. = ^^XT:=^nI^MM^^ny)dy 
Inn = /,?Er=.4/^'(?/)r.o.s(a,,v)r/y 
Or 


/>2n = Er4,./o4/^(?/)<-0.s(o„,v)./v 
I'liase ciiw a.Iso Ix^ writi(Mi as 


lnn = i:VL^r^I^L 


L'ln = 12 kLldfiI-' 2 n 


(2.103) 

(2.104) 


where 

Inn = lilziyyM<^ny)<iy 
lAn = lSlviyyM^ny)dy 


Substituting ('(|a.uU()ns 2. l()-{ and 2.l()d bi 

nS.lPnC-'n = /■!=(!/) 

z:UnA< + E~ 


W(; gc4, 


Er=,''2X“ + Er=,«ss.o'/../^f..r-22™»("„,/) 


£,(!/) (2.105) 

EM (2-10(i) 


We now define the inner product as 

. , r <• .. o in-, and 2.100 with /,^(//)and /„"(j/)respcctivcly 

4 a, king inner product ol (!([u<i.tion.s -. 10<.) 

,, . r. 2 X rfn ^ , n / A.,., irs are nonzero in complementary regions, 

and noting I^iy)'>uu\ B^{y), lyil/Y^^'^d Eyiy)p<- >■ 
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we now get 


I'or this prohicm now wo tna.l«! a. .siiita.l)lo 
expansions, satisfy the edge coiulitions at |;t‘| 



(2.107) 

(2.108) 

fiinctions. 'I'Ikwc; oik! t<'iin 
j as shown in the figure 2.2. 



Er4,4E,r=oP./-2. l4J4n + Er=.^-A-E~ = 0 

choice! of hasis 


Figure 2.2: CJualificxI one term l><i.si.s function satisfying edge condition at |a;| = {—). 


where 



.Such a. choice now fixes /.: = I, thus <!(nia.tioiis 2.107 and 2.108 can be combined as 
under 


wh(!r’<! 

/l=E,r=l'7nC/,2^lu'/.,„' 

j5 = Er=i7h4ni4n'/-'i«' 


/I n 


<'k- 

a n 


d, _ 


(2.109) 
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c = Er=i7nr/.,2L,„'L.2„‘ 

0 = ZT=lPn(>'2^L2n'L2j 

ihe inLegraJs can lie completely solved by using the identity given in [12]. The 
integrals evaluate as under 
for CXn ^ 0 

•bln ~ sin(Q!ny) 

-.A — <- 




lUjJ. 


b2n^ = (-sin(Q!n|)) (f)*7r 
•bln^ = -^271^ = 0 for Q;„ = 0 

The determinant of the coefficient matrix when equated to zero 
AD- BC = 0 

yields an equation in terms of /?. 

Now, one possible choice of defination of characteristic imp.edence is 

2£atL 


where 


7 -- 2/-Vt, 
^0 — 


I = fPAvPy 


( 2 . 110 ) 


(2.111) 


In above expressions Pav is time average Poynting power along z axis and I is 
effective current along the z axis on the strip. 


■ 1 .//, 


t'i) 1 f Tt'tj'2 








this can also be written as 

Pa. = |[/l + h + /,'l] 

Here /j, D ami I:) arc the integrals over each of the regions 1, 2 and 3. 
Thc.se can cva.h.iate<l as under: 


( 2 . 112 ) 
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'i = .(t - rimiim-],i,:dy (2.n3) 

oo 

A = -^'n, «;,)*■. +(a„ac, (2.114) 

h = fo f [E<^> //>">' - EmiI(^r],Ud,j ■ (2.115) 

J — (I 

oo 

^^=El [[K„A<+A.,A<l,:.) + (B,-„S„ + 5;,B;;)]<i 

n=0 

+l(/i:..A< - /1,„AC,) - :2,116) 

(2.117) 

h^isr' (iBf'Wf (2.118) 

•/ — /l2 

OO 

= E - .S'...B.;)/.. + (/ 1 „,AC + s.„B;)S 2 e^] (2.119) 

n=0 

"I’liis information lia.s boon made use of, in the design of the fdter and mixer, as 


enumerated in siil)seciucnt pa.gcs. 



Chapter 3 


MIXER DESIGN PRINCIPLES ^ 

PHILOSOPHY 

3.1 Dielectric Resonators 

The DH. is made of a low loss, l,(rmpcra.lure st<'i.hlo, high pcrmiltivily, and high-Q ceramic 

mat(;ria,l. If, is usually used in regidar gxionudrical sliiipcs like solid cylinder, disc or 

pill box, tubular, spherical or parralhilopipc'd. DiiiuMisioiis <uid shielding condilions 

delx'.rmiiK^ the; mod(^ of resonance aiul rt^sonaiiL frccpu'.ncy of the DR. It’s small size, 

and exc<'ll(!nt integi‘a.l)ility in MKls have; imuh^ its use; veny popular in active and passive 

microwav(^ compoiumts. The dimensions of a dielectric resonator are much smaller than 

thos(^ of a.n empty nuitaJlie cavity r(isonator, nisonant at tln^ same frequency by a factor 

of approximately — 7 - -— . If f,. is high, the electric and magnetic fields are confined in 
vf^V) 

ami msar the; rcstniator, thus having small radiation losses. The unloaded quality factor 
Qu is thus improv<xl for low losses in the dielectric resonators. To a first approximation, 
a DR is considered as the dual of a metallic cavity. The radiation losses of the DR with 
commonly used permittivities are much greater than the energy losses in the metallic 
caviti<^s, this makes proper shielding of the dielectric resonator a necessity. 
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A conunonly used nisonani mode; in the disc shaped DR is J'Eqis mode. The 
inagiielir, fic'-ld lines are c.onl.a.iiK'd in the. plane |)a.i-a.llelt();r a.xis, while the electric field 
lines ar<^ concentric circles around the. z axds as shown in the fig 3.1. When the is 
around <10, more than 95% of the stored electric energy of the TEois mode and more 
than 60% of the .stoixxl magnetic energy Jire located within the cylinder. The remaining 
(uiergy is distrihiited around tin; rc'sonator, tlec.a.yiug ra,pidly with distance away from 
the resonator surface. 


z 



Figure; 3.1: Field lines of the resonant mode TEqis in a DR 


'I'he impcn taiit propei tic's of the c(!i’a.mic material to be u.scd for DR’s are 

• the Qfarl.or, 

• tenip(“ra.ture coefficient of resonant frecinency 7/, 

• the dielectric cousta.nt e,. 

The Q, 'I'f and e,. value's re'e|nire<l fe)r various ap]-> Heat ions differ, and in general, 
a pre)pe'r e:e)mbinatie)u can be- aehie've'd by che)e)sing a.n appre)priate material and com- 
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Composition 

C 

Q @ 10 GHz 


Fvcq Range 

IJax'l'iaOxo 

R) 

4000 

+2 

1 to 50 GHz 

DaTuOa 

39 

3500 

+4 

1 to 50 GHz 

{Zr - Sn)TiO., 

38 

4000 

~4 to -10 

1 to 60 GHz 

Ua{ZnCr<i.-2)Ox 

.ii A 

2!) 

1 

10000 

0 to 1 0 

5 to ()0 Cillz 

{JJa,J>b)NdxT^Ou- 

90 

5000 W 1 GHz 

0 to 6 

0.8 to 4 GHz 


Table 3.1; Properties of Dielectric Resonators. 


position. A number of material compositions have been tried in attempts to develop 
suitable dielectric materials. These include ceramic mixtures containing TiO-x^ various 
titanates and zirconates, glass ceramics and alumina based ceramics [4, 5]. Table 3.1 
[4] comijarcs dilfcrcnt materials developed commercially. 

In low dielectric constant materials, the performance is sensitive to shielding due to 
increa.se in fields outside the isolated resonator. The temperature coefficient of the res- 
onant fr('.(iu<nic.y Tj can be controlled in some materials by modifying the composition. 
The Q,, factor of the dielectric resonator decrea.ses with the increase in the frequency. 
Typically the pro(ln<-t j\)XQ{) where /o is in GHz remains constant. Losses due to hous- 
ing walls, dielectrics, and adluisivcs used to support the resonators typically reduce the 
g„ by 10% to 20% A higlun- Q, maL('.rial is preferred for lower noise oscillations as well 
as for sharp tuned filters, and lower Q material is preferred for frequency tunable wider 
band components. 

3,1.1 Resonant frequency 

The resonant frccpicncy of a resonator is determined by its dimensions and surround- 
ings. Though the geometrical form of a DR is extremely simple, an exact solution of 




the Maxwell equations is considerably involved. For this reason, the exact resonant 
frcfiuoncy of a particular resonant mode, such as TEois, can only be computed by 
rigourous numerical procedures. Kajfcz [6] has presented an approximate solution of 
tin; ciquaXiotis iiivolviid wliic.li yi(!ld nisiilt.s with ±2% ac.r.uraey. P, Dliartia ['1] also gives 
a set of ecjuations to calculate the resonant frequency of a DR with known dimensions. 
A set of relations giving variation of resonant frequency with the height of top plate 
in MIC environment can also be found in [4]. For an isolated resonator, the resonant 
frccjueiic.y in CIIz is given by tlu; following expression: 


/• = JkL 
J'- aCr 



(3.1) 


3.1.2 Electromagnetic Field Coupling of a DR in MIC Configuration 

Depending upon the ap|)lications, the dielectric resonator is used in a number of dilfci- 
ent configurations. In each of these arrangements, it is placed in close proximity with 
other circuit ehunents so as to provide electromagnetic field coupling between them. For 
(dfective design, it is necessary to have an accurate knowledge df the coupling between 
the resonator knd other circuit elements. The TEou and TMoxs are most commonly 
U.s(xl modes, which can he easily excited in dielectric resonator using microstrip lines, 
finliue, magnetic loop, metallic ami dielectric waveguide [5]. Most coininoiily used coa- 
figuration of a cylindrical di<-lectrir. re.sonator is, mode coupling with a microslrip 

line. 

Aloiigsulo a microslrip limr. a Dli. is iiicorporatal wiUiiii a microwave circuit by 
placing it on lop of the microslrip substrate as shown in Figure 3.2. 

As scon from this ngiire, the transmission characteristics of the microstrip line iu 
the vicinity of DK. got altered by the magnetic Held effect. The electric field effect 
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Figure 3.2: DR aiul microslrip line in MIC cnviroiuncut 

as (lis('.us.s('<l eaiTier, can be assumed l,o 1)C very small since most of the electric field 
of the microstri|) line is concentrated under the micro.strip line and is orthogonal to 
the electric field of the re, senator. Linking of tin; magnetic Held lines is an interaction 
betwi'cn the magnetic field of the resonator and the magnetic field due to the current 
in the microstrii) line. Under the as.sumptions that presence of microstrip line docs not 
appreciably disturb tlie liekl, the DR can be represented by a conducting loop having 
in series an inductance 1^, a capacitance Cr and a resistance Rr, only TEM mode 
is carried in the microstriji line and only TEois mode is excited in the resonator and 
coupling takes place through distributed mutual inductance, 

Guiilion [G] gives an approximate analysis. It shows that coupling between the 
micro-strii) line and resonator depends on the lateral distance between the two, the 
degree of coupling can he varic-.d !.iy varying this distance. Termination of the microstnp 
conductor and shiehling also influence the performance appreciably. In above analysis 
(C, 8] a DR coupled to a microstrip line can be represented by a simple parallel tuned 
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The esstnicc of tho i)roblein lies in finding the expression for the quantity in terms 
of <listanr(i between resonator and microstrip. A very good agreement exists between 
results obtained by Jain [8] and experimental data available in [9, 10] hence these 
results could be used for practical design. 


3.1.3 Coupling between two DRs 

Design of a filter using DR involves input/output coupling and interstage coupling 
information. Prcvioins section dwelled on the input and output coupling between the 
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R 



Figure 3.4; Modelling of DR - Mcrostrip line coupling. 

micro.strip line and a DR. In (dii.s sciction interstage coupling has been discussed. In- 
terstage coupling ])rovides transfer of energy from one resonator to another resonator 
cither directly or through anoth(;r transmission line. In [8] coupling coefficient be- 
tween two identical cylindrical resonators has been derived m terms of the physical 
and electrical parameters of the resonators, centre to centre spacing between them and 
dimensions of the surrounding structure. Two or more cylindrical resonators may be 
coupled directly by placing them over a microstrip substrate adjacent to each other as 

shown in fig. 3.5. 

Lateral distance d between them controls the degree of coupling. Such a type of 
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Figure 3.5: Coupled DRs 

coupling arrangement i.s ideal for fabrication. Design graphs showing the mode chart 
for cylindrica.1 DHs, external quality (actor Q^xi and coupling coefficient k have been 
shown in fig. ;1.6 through 3.8. 

3.1.4 Frequency Tuning 

Frequency tuning arrangements are desirable in any DR based microwave circuit. This 
can be accomplished by electrical or mechanical means. 

Electrically, the frequency tuning can be achieved by following, one of the different 
methods like varactor tuning, ferrite tuning, bias tuning and optical tuning. 

For mechanical tuning, use is made of the fact that resonant frequency of the DR in 
MIC environment is highly sensitive to the shielding (proximity to the ground plane). 
A tuning screw inserted from the top cover of the package right above the DR can 
effectively vary the resonant frequency by ±2%. Fig. 3.9 shows such an arrangement 

[^]- 



(Gffz) 



0.0 1.0 2.0 3.0 4.0 5.0 

h„ (mm) — > 

Figure 3.6: Mode chart for Cylindrical DR. 


3.2 Theory of a Band Pass Filter. 

Accurate^ Band Pass fill, or (BPF) design is important for realization of a mixer. Using 
th(i design data re(|uired to rc'.lalc, exte.riial quality factor and coupling coefficient, 
])l)ysiea.l spcicifirations of the (iltcM’ can lx; computed, in accordance with desired filter 
responses 

Low pass prototyp(r design and tluui transformation to desired frequency to realize 
required hand pass res])onse is a. reliable and popular method [7]. For design, first it is 
necessary to choose' an apiu'opriate ])ower loss function (like Butterworth or Tchebycheb 
functions etc. ) in the j)a.ss hand of the low jiass prototype filter. Specification of this 
in.sertion loss or r(!tiirn loss for a lo.ssless network (lilter) is the next requirement. Once 
this is si^ecified as the function of frequency the prototype vahtes are chosen from the 
formulae given hy Mattliaei [7]. Now the low pass prototype values can be transformed 
into desired bandpass characteristics hy using low pass to band pass transformations. 

Matthei ahso gives an ccpiivalent circuit of a direct coupled band pass filter using 
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Figure 13.7: External Quality Factor. 


impeclence invertors as shown in fig. 3.10. 

Input/output coupling for this circuit is represented by external quality factor 
Qext(a) Qcxi{h) wliilc Coupling between resonators is represented by coupling co- 
efficients kjj+i. Tliese quantities can be found experimentally or can be computed in 
terms of low pass prototype as given in the formulae below: 


, Xi _ go 31 

(3.2) 



A'n gn9n-^l 

1 

(3.3) 



,2,3 ... ,n — 1. 

(3.4) 


I. w • . 

\/l^j^}+> ) v/(.'u;/j+iV 

here w is the fractional bandwidth given by w = and ljq = — Wi). 

The pa.ssband edges wj and Wj arc for Tchebyclicb response defined by pass band 
ripple level. This information about Q^xt and k are useful in deriving the physical spec- 
ifications i. e. microstrip line to DR (input-output coupling) and DR to DR coupling 
(interstage coupling) necessary for actual design. 
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l''igiir(! .'3.8: Coupling (Jo<^^lici(;llts. 


3.3 Theory of Mixers 

Mixers make use of iion-liiiear cliaracterislics of certain solid state devices to generate 
an output signal containing many frccpiency components. A simple analysis [11] shows 
how new frecpicncies are generated in non-linear circuits. Mixers basically convert the 
input frequency to a new frequency. Mixing is achieved by applying both the input 
r, f. (RF) signal and a local oscillator (LO) to a nonlinear device. LO is a higher 
power signal used to pumi) the nonlinear device. Taking the example of a diode, its 
I /V characteri.stic.H can be expanded via a power seric.s and by assuming a multitono 
excitation generation of various frequency components can be amply demonstrated, as 
shown in siic.(.'e(uliiig paragraphs. I'^or a diode dc voltage-current relationship is given 
as 

i = Afexp"*^^ -1] (3.5) 

where i = instaiitaneous current, J, = diode saturation current, 

Vj = instantaneous voltage across the junction, 
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0 0 ‘/'/ 



Ko,\ /<'l,2 ■^'^n.n+l 

Figure 3.10: Equivalent circuit of a Band Pass Filter. 


o: = e/nkt, where 
e = electron charge 
k = boltzmann constant 
T = absolute teini) 
n = ideality factor typically 1 to 1.5. 

For the case of a small applied ac voltage 3.5 can be expressed by the following 
power series 

i = i{Vo + dV) (3.6) 








where Vq is the dc bias volta.ge, 
lo is the tic or average bias current, 
dV is the ac voltage across diode junction. 
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i = HVo) + dv£l,. + + • ■ • + iav-gii,. + ■ ■ ■ (3.7) 

for 

dV = Vi cos{u>i t) + Vj cos(a; 2 <) (3-8) 

where wj is LO frequency, u )2 is RF frequency, Vj and V 2 are peak amplitudes of u>i 
and a ;2 respectively. 

Substituting 3.8 in the power series expansion for instantaneous current and sub- 
tracting dc or average bias current eqn 3.7 and retaining uptill third order terms only, 
we get 

i = ia{i) + ibi^) "b *c(0 

These have been obtained on applying the trignometric formulae for squares and 
products of cosines. The first order tei’ins are: 

ia{t) = a(Vi cos(ti;it) -f V 2 cos(w2t)), (3.9) 

Second order terms are 

ib(t) 4- '|/]'^cos(2tUit) + V2 cos(2u;2i)] 

•f 2Fi K2[r.o.s(w| •+■ W’j)/' + oo.s(w| — a;2)/']] (3.10) 

and the third order terms are as under 

i^{t) = cos(3aJif) -f 1^2^ cos(3tU2t) 

-l-3F]^l^i[cos((2iUi + W 2 )/-) cos((2a>i — Wi)^)] 
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V2^[cos((2i(j2 "I" W|)f) H“ cos((2w2 — 

+3(V3 + 2VrV^) co.s(cui)< + 3(72^ + 2V2V^) cos{uj2)t] (3.11) 

In above current components a, 6, c denote the incrmental conductances about the 
dc operating point. As can be seen the total current, in the non-linear element is the 
sum of the current components in tlic three equations above. It consists of a large 
number of frequency components, each successive term in 3.7 is generating more such 
components. A closer examination shows that the generated frequencies are a linear 
combination of the two excitation frequencies. 

+ n(x)2 (3.12) 

where r?i, ii = ■ ■ • , —3, —2, — 1 , 0, 1 , 2, 3, • • • . 

uJrn,n is Called a Ttiixing frequency^ and the current component at that frequency is 
called a mixing producL. The sum of the absolute v^llues of m and n is called order of 
the mixing product. The m^'’' order mixing frequency is called harmonic of the 
excitation frequency. The mixing frequency that arises as a linear combination of two 
or more tones is called intermodulation product. 

Out of various components, the following are of greater importance: 

IF (wo = “^ 2 )) LO harmonics (ncui), the image frequency (2u;i — tU 2 ), sum frequency 

(u), = cuj oj-i), and harmonic, side bands = 11002 ± wj. 

Spurious responses in the form of unwanted harmonics and intcrmodulatiou prod- 
ucts affect the performance of the mixer. As also resistive termination at the image, 
sum or harmonic sidebands results in loss of signal power that increases the mixer 
conversion loss. Mixer conversion loss I is defined as 
/ =101og[fe], 

““ Jliere Pout is power output at IF and Pav is power available at signal frequency. 
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3.3.1 Non linear solid state devices 

In [11] modelling of non linear solid state devices has been dwelled upon in great detail. 
Such devices can be usefully represented using a lumped circuit model that includes 
both linear and non-lincar resistors, capacitors and controlled sources. 

A large number of non-linear solid state devices like FET, GaAs MESFETs, schottky 
barrier juncLion diodes, scholLky harrier varacLers, p'^n junction varactor, and step 
recovery diodes can be used as mixers. Of these, use of schottky barrier junction diode 
and MESFETs as mixers has been dealt with, in succeeding paragraphs. 


3.3.2 Schottky barrier diode 


A schottky barrier diode consists of a metal contact deposited on a semicoirductor. As 
shown in fig. 3.11 the diode is fabricated on a high conductivity n type (n-h) substrate; 
a very pure (n-t-) buffer layer is grown on top of substrate. 


Jl 

d 

T 


J 

METAL ANODE • 

+'■+ + + + + DEPLETION REGION 1 N EPITAXIAL 

I layer 


N^ BUFFER LAYER 


N"" SUBSTRATE 


OHMIC CONTACT (cathode) 


h'lgure 3.1 1: Schematic showing Schottky barrier Diode. 


An n epitaxial layer is grown on top of buffer. The contact of metal anode to the 
epitaxial layer forms the rectifying junction. 

The mctal-scniiconductor contact allow.s some free electrons in the semiconductor 
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lo collect Oi) th(i surface of the metal. A region of epitaxial layer, depleted of electrons, 
contains only positivc'ly cli/irged donor ions. Presence of these' ions, results in an electric, 
field, which opposes the further movement of electrons. This field, now, results in a 
potential between the neutral semiconductor and the anode. 

A reverse bias or a more negative voltage, across the diode, stores more negative 
charge on the anode and a forward bias nidnees it. The junction, therefore, operates as 
a non-linear caj^acitor. As the forward bias increases, the electric field becomes weaker 
and ])re.sents a l(!ss(;r barrier to (d<ictrons. Idle current is proportional to the number 
of electrons having greatc'r ('iK'igy than the barri('r lunght. 

A schottky l)a,rri(n’ diode’s (njidvahnit circuit is shown in fig. 3.12 The diode is mod- 
elled to consist of thre.e non-linear ('loiiKUits, the junction capacitance and conductance 
and the pa.rasitic series rc'sistancxn 

9 


V (I) |(V) 

A 

hfigiire, 3.12; liqnivalent Circuit of a Schottky Barrier Diode. 

As it lacks minority carricn- elfechs this is a very fast .switching device and is ideal 
for use as a diode mixer. Very high quality silicon diodes are available at very low cost. 
CidAs schottky diodes can be obtained at a modest ex])ense. Diode technology today, 
however, is sufficiently mature to allow mixers at frequencies above 1000 GHz [11]. 


C(V). Q(V) 
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3.3.3 GaAs MESFET 

(iuAh MI'JSI''l'J'r lia,v(; nivoliiiionizc^d low-iioi.sc! inicrcnvavo elocLroiiics. They lUcake ex- 
cellent inixer.$, have low noise figure, broad bandwidth and conversion gain. Fig. 3.13 
show.s a cross section of a C/nAfl MESFET. It is labricated by fast growing a very pure, 
semi-insulating GaA.s substrate, than growing an n-doped epitaxial layer that is used 
to realize the h'E'J's active chaniKd. Three connections are made to the FET these are: 

the source, the drain and the schottky barrier gate. 

.1 Vds 


SOURCE 




vgs 


N* OHMIC 


GATE 


N EPILAYER 




-i22Z22 


DRAIN 

‘ 777 7 7777 : 


N" OHMIC 


SEMI-INSULATING BUFFER 


SEMI-INSULATING SUBSTRATE 


Figure 3.13: GaAs MESFET Schematic. 

Two sources (gate-source) and V,is (drain-source) bias the MESFET. These 
voltages control the chaiinc'l current by varying the width of the gate depletion region 
and the longitutlinal electric field. When Vg, is low, the current is approximately 
proportional to K/,,. If Vg, is increased while V,i, is constant the depletion region widens 
and conductive clia.nnel becomes narrower reducing the cliannel. Accurate non-linear 
FET analysis, involves controlled drain current source and gate channel capacitances. 
Gate channel capacitances are, in general non-linear and are functions of gate voltage 
and <lra.in voltage'. Mail}' MESl''E'r nunh'ls have been i)roposcd [11]. They dilfer 
])rimarily in the way in which they treat the charge domain and tlu' controlled current 
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source modelling. 


3*4 Types of Mixers 

There are many types of mixca’s. Tli(\s(i us(^ one diode (single ended), two diodes (single 
balanced), four diodes (doul)le 1)alanced) or eiglit diode (double-double balanced). The 
mixer design issut's can Ix^ addressed on the basis of a single diode and extended to 
other mix(U‘ (X)nngura.tions. H('pi‘('S(uita.ti ve sc’heinatic diagrams arc shown in fig. 3.14, 






Output 

Dcjiibla-cJoublO'bolanced mixer. Imcicjo- and sum-onhanced mixer. 


Figum 3.14: Various Types of Mixers. 

There a.rc a.lso iina.ge rejection mixers and sum frc[uency enhanced mixeis. The R,F 
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band pass filter provides reactive terminations at the image frequency = 2a;i — 012 ) 
that must be ])roperly jihascd so that reflected power at the image enhances the mixing 
process. 

A single gate FET mixer can be realized as shown in fig. 3.15. The LO and RF are 
applied to the gate usingudiplexer or a coupler; the IF is taken from the drain. The LO 
voltage s(.;i v(;.s to piim|) thc! I*^ET and input inatc.liing circuit tran.sform.s tho hyjiorbolic 
mean of tlie FET’s two impedence states to 50 ohms. 



Rg+jXg 

Single-cjfjto FET mixer, Diial-rjaio FET mixer. 

Figure 3.15: FET Mixer. 

The coiiversion gain piovidcd by the FET mixers, is the principal advantage over 
diode mixers. This gain reduces the overall noise figure of the circuit, however due to 
upconvnrsion of low frc{|uency noise resulting from gate capacitance modulation, noise 
figure of a FET mixer is higher than the case where it is used as an amplifier. 

Single gate mixers can be realized by applying LO to the FET drain [4]. Dual gate 
hdilT mixers can provide higher conversion gain tlian single gate FET. 

Also of extreme importance is proper dc.sign of input and output impedence match- 
ing circuits. [4,13] discu.ss a few of sucli tecliniciues. 
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3.5 DR based Image recovery mixer 

Imai and Nakakita in [1] proi)o.sc an image recovery mixer wherein the signal and local 
oscillator BPF’s use the DRs. A GaAs schottky barrier mixer diode has been used 
by the authors, at the end of the microstrip line. The microstrip line is magnetically 
coupled to DRs excited in cylindrical TJEoig mode. For tight coupling between the 
microstrip, lines and DRs, the DR’s are placed at odd number multiples of a quarter of 
a guided wavelength at their resonant frequency from the open end of the microstrips. 
Fig. 3.16 shows the schematic of the layout suggested by Imai. 



I^ignr(i 3. 1 6: Sc'liematic. of propo,s<Hl Layout. 


In this layout, and Ip' = where and Xgp are the guided 

wavelength of the microstrip line at the signal frequency and that of the local frequency 
respectively. In order to lower the noise figure, the impedence of the exteriral circuits of 
the mixer diode should be nearly zero at the image frquency. This condition is achieved 
by keeping length of microstrip line connected to the mixer diode os an odd number 
multiple of where A,„i is the guided wavelength of the microstripline at the image 
freciuency. 

DRs for the; RF BPF and LO BPF are magnetically coupled to this line, but the 
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inipcclcnce of the lino seen from the diode at the image frequency is decided solely by 
the length l,„, when Qo of DRs are sufficiently high they are completely ofF tuned at 
the image frequency. Thu.s the construction of DR’s in this mixer does not destroy the 
image short condition. 

Thus it can be seen that, implementation of a DR based mixer at the desired 
frequency requires the following: 

• microstrip line design parameters, 

• DR of desired resonant frequency, 

• input/output and interstage coupling information. 

Having seen all the necessary aspects of DR based mixer, the realization of a mixer 
has been given in the next chapter. 



Chapter 4 


dr based mixer realization 

This clia])i('r doaJs with ili(' K'alization of a nn‘x('r using DR’s in MIC eiivironnient. 
DH.’s priinaiil}' find a, j)!a(‘(‘ in r(\'diza.t.ion of \{l" BPF a.nd LO fiPF. 

Syntdi('sis of a DR hasc'd inix('r is quito involved. It is seen that the overall design 
prohh'in ('an Ix' suitahlj^ hrokc'ii down as undc'r: 

® outlines dc'sign derisions, 

• ('alr.ida.tion of transmission line' ])aram(‘t('rs, 

• inpni-ontpnt and int('rstag(' ('onpliiig information, 

« (h'sign of hand pass filtc'r lor IIF and LO signal, 

« imp(Ml('n('(^ mat('hing rirrnit for nonliiu'ar d('vir(‘, 

• layout and fahriration, 

• tuning and pcn’formanre improv(un(Mit. 

4.1 Outline design decisions 


Various factors wliic.li would iulltu'uc.c^ tlui outliiK^ design are; 
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• lil(,(;r ,s|)(;<'ilic.a.l,i()ns, 

• input/output and interstage coupling information, 

• transmission line design information, 

• housing, 

• components. 

Using tlu! tifUismissioii liiu^ (Uisigii information and available coupling information, a 
mixer was to be realized with RF as 3.96 GHz. and LO frequency as 3.80 GHz. The filters 
were to be based on DRs. Three DRs were available, however necessary connecters and 
mixer diode were collected from IIT Delhi. 

In the present realization, of the three available DRs, two were used for RF baud 
pass filter and one for LO band pass filter realization. A copper housing has been fab- 
ricated to house the circuitry. The components have been laid out on a RT/duroid 
substrate. SMA connectors have been used to launch power into the circuits. A silicon 
schottky barrier mixer diode is used, as the non-linear mixing device. 

4.2 Transmission line parameters 

U.siiig the expressions dc'.vcilopcnl in chapUr two various parameters required for accurate 
design of microstrip line were gciK'.ratcd. These have been tabulated in table 4.1 The 
characteristics of the substrate used were = 2.18 and thickness of the substrate was 


d = 0.8mm. 
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w(mm) 

ZqVi 

/o GHz 

Xq (inm) 

2^ 

AO 

A, 

2.4 

50.659 

3.96 

75.706 

0.72957 

55.232 

2.4 

50.654 

3.80 

78.892 

0.7396 

57.565 

2.4 

50.650 

3.64 

82.-36 

0,7297 

60.101 

0.5 

112.28 

3.96 

75.705 

0.7527 

56.983 


Table 4.1: Transmission line Data. 


4.3 Band pass filter design 
4.3.1 RF BPF design 

Having fixed the nuniber of DR’s to be used as 2, filter specifications chosen are as 
under 

Response: Tchehycheb with 0.5 clB rij^ple in pass band. 

Centre iVecpiciicy: .‘3.9G Cllz. 

3dB nW: 70 MHz. 

Stop band attenuation greater than 20 dB. 

Disc ty|)(^ ic'soiiators, chosc'ii for the design have following electrical and physical 
parameters: 

Height h = 6.66 mm 
Diameter2a = 15.07 mm 
Dielectric constant e,. = 37.8 
Unloaded Quality factor = 6000 
Value of aspect ratio =2.252. 

Following the method given by mathaci [7] for the specifications given above various 
design data obtained are 
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number of resonators = 2 

<70 = 1 

gx = 1.4029 

^2 = 0.7071 

(/3 = 1.9841 

wi = 3.92567/5:, and 0^2 = 3.9956//z. 

using equation 3.2 to 3.4 we obtain 
Q.xi{a) = ^ = 79.360 
(?cxi(6) = ^ = 79.364 
w = 0.0176 

76.2 = 0.017748 

From the cle.sign curvc.s given in fig. 3.7 and fig. 3.8 distance between the DR and 
inicrostrip line work.s out to 2.812 mm. and the distance between two DRs works out 
to 0.4 mm. 

4.3.2 LO BPF Design 

The number of resonator.s to be u.sed is one. Centre frequency is 3.806//z. Low pass 
filter parameter are as under: 

(/o = 1.0 

(jx = 0.6986 
<72 = 1.0 
u>x = 3.79GIJz, 

and a >2 = 3.SlGIIz. using equation 3.2 to 3.4 we obtain 
Qr.i{a) = QcrJ> = 132.7335. 

From design curvr^s in fig. 3.7, tlie di^sign distance between the DR and the micro-! 
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strip line works out to 1.12 inm. 

4.3.3 Impedence matching for the Diode 

HP schoitky hai'ricr mixer diode no 5082 — 2580 is used as the non-linear device. The 
diode is used in self bias mode. A very thin line is used to complete the DC path. 

Smith chart was used to calculate the stublength of a open circuit stub for matching 
the input impedence of the diode to a bOD line. From the manufactures data sheet the 
impedence of the diode was y = 1.2 — jO.85 
Impcdenr.o to be inatcluHl worlaul out to 

Z — 2S + jl9.7i2. This was matched using a open circuit stub of length 0.108A placed 
at 0.1725A from the diode’s point of conta.ct. 

4.4 Mixer design 

Based on tlie physical dimensions obtained above a copper housing was prepared to 
house the above circuits. The dimensions of the housing chosen were to be such that 
it did not act as a. wa,V(^guide at the required frequency. From table 4.1 the microstrip 
line lengths requin'd for design were evalua.ted as under 
= l3.SQSimn 

Ij, = 

/,/ = 7l.f)r)r)7/n;/, 

= 105 . 178770 ;;, 

'I’his (sisurcid that DHs \v(;re pla.ced luuir tlu; point of maximum current and image 
short ('.(Miditioii is <i.c.hi(!V('d. A suita.bl(* livyt)ut was arrivc'il at and tlu' miciostiip lino 
line was printed. Fig. 4.1 shows the layout of the designed mixer. 
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Figure '1.1: Layout of the De.signccl Mixer. 

For IF nitcu’ design a broad patch ha,s iKicn used at the output of the diode. A thin 
high impcdcnce line is insed for providing dc path for the diode to work in self bias 
mode. 


4.5 Timing and performance improvement 

To improve tli(^ performance, of tin’ mix(M' two tiina.ble .screws were placed ditcctly at the 
top of the Dlls to tune tlu'. r('.soiia.nt fr('.(|uency. Better s])urious rcs])onse suppression 
wa.s achieved by physically ph'u'ing a.nother opc'ii circuit stub physically at a suitable 
pla,ce. Fxa.ct si'/e. a,luminium spa.cers wer<! mad(' to raise the height of the top plate for 
better tu iia.bi lil,y. 

'I'Ik; mixer Nois(i I'dgiini a.ud conversion loss are as shown in lig- icspec 

tively. |,S'|j| a.t 111-’ port is shown in lig. ‘I.'l. The mixts' t)utput was loiuid to bo nanow 
band and virtually all the spurious harmotdes are suppres.sed. Initially noise figure 
a.chi(W('(l was v(;i'y poor. Improvenu'iit in noise (igure wa.s achieved by leposi ' ' g 
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Parameter 

Measured Value 

LO-IF Isolation 

> \\2dB 

RF-IF Isolation 

> A2dB 

Noise Figure 

l2dB 

3 dB IF Bandwidth 

40MI!z 

20 dB RF BPF BW 

lAOMHz 

Conversion Loss 

15 (IB 


Table 4.2: Performance Da.ta. 


l)H„s on file siibsl.ia.l.e. Some improvemeiil. in eoupling was a,c.liieve(l by placing small 
ca,paci Unices around fdie DHs. 

'I'lie |.S'n| and |,S'. 2 i| were fonnd to be v(>ry susceptible to positioning of DR and 
height of top plate. By varying the lu'ight of the top plate ('iitirc. band of frequencies 
could be shifted to left or right on the frequency axis. 

Misc. ])erforniance data is given in table 4.2. 

A photograph showing the layout of designed structure is shown at fig. 4.5. 
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Figure 4.5: Pliolograpli showing the top view of the C Band Mixer. 


Chapter 5 


CONCLUSION AND FUTURE DEVELOPMENTS 


Accurate formulation of transmission lint! (l(‘sigii in MIC environment was quite im- 
portant, as these results coupled witli tlie coupling information from [8] present a 
formidabh; design tool towards an accurate and reliable DR based filter design. It- 
erative fabrication and testing would further vindicate such an approach, however it 
would require a fnv availabilty of components. 

Importance of individually prototyping and testing each of the subcomponents also 
emerged. Such an apj^roach would lead to a cut down in overall design time. 

An effort was made in this thesis to a.rrive at and validate a methodology for design 
of cylindrical DH, based mixer in MIC environment. The results achieved show that it 
is <i feasible design apj)roa, ch. Im])roved p<'rformancc can certainly be obtained using 
CaAS MESI''CTs as the non-liiumr d<wices. 
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